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Light-emitting diode (LED) manufacturing methods with the desired mechanical properties 
suitable for the manufacture LED layer growth substrate chosen to temporarily (temporary 
growth substrate) includes steps to provide. For example, lattice matching (lattice matching) is 
an important consideration. Then, LED layers grown on a temporary growth substrate, achieving 
high quality decisions, and then the growth substrate can be removed temporarily. Next, the 
wafer using the combined technique combines 2nd floor of the LED board. The two boards 
rather than the mechanical properties are selected for optical properties. 2nd optical transparent 
substrate, and conducting an adult is recommended. Wafer bond techniques 2nd floor, between 
the substrate and the LED in order to achieve low resistance connections are performed. In 
addition, the combination wafer passivation (passivation) or photochemical provide four or 
current flow can be done to define. 
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q°l (LED) ^12 «fl-^£ €*Hr qqq ^-ir £$7 LED %S\ q^q ^aisl ojAja] ^ 7 ]^( 

temporary growth substrate)-!; afl^t- Q7\\% S^^4. "fl-lr ^(lattice matching)-°r 1r-2-^ 3.3] 

aHH^. ^ LED q.qq 7l«- ^ ofl A^vqq, 13 f-l* #^qq, n * <«qq 3# q#£ 

qq*j t siq. q#, 3iqq 7W oi-g-sj-a] ^ 2 q^LED^i iwq. q 2 q^- qqqq ^-^4 
t: ^qq f*4^J qq qqqq. q 2 7R1-& #q-q f-spjq^i, &s.*M\ %°] q^qq-q. qqq qt q 

U£ *ll 2 q^-q LED % qqq ^5>q $|*|| ^sj^iq. tEth qqq aflvg. q q q q ^ (passiv 

ation) 3~ #sbM-« q^q-qq, qf r *jqqq qq] ^ °iq. 
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E 1 

v! °l ^l-vi;?} <•!';•; 

2fl 1 E^fr #211 71 igofl 4-g- *^ olf,^^- LED ^dfl tfltrV ^^t=_ 

*fl 2 JEfc ^Efl 7|<?H t^a o]^ ojf^ led ^xHl rfi# ^je, 

4) 3 E^ #2fl 7]*H 4-& 714* £fc o]^ o]^^- LED ^xli rfl*v a^ £> 

*ll 4 E£- £ -g^ofi 44*1 7l«* £fc o]^ oj*$tf LED i^Hl tfl£ ^£E, 

2-fl 5 E^r *l| 4 E«1M 7 ]nV-a- ^4 LED ^ESl 

A 6 £fe 4|olB| 7l^-£- ol-g-SH °Jn L 3°J 7l*fr ^44 5 ES] LEDGES} ^<3E, 

*ll 7 E-cr ^ofl Sq-S- 5fe 4 6 ESI LED ^2:^1 

n 8 Efc- &1t<H SjSfl *flE4 E 4a LEDS1 ^E, 

*11 9 E£ *flolal ^ 7l?H 7 fl 4 E£l £7,H -¥-44 *ll 3 ^E, 

*)| 10 Et- ^|o]s| 4^" 7l4°l ^"71 afl 5 ES] LED ^E-Hl -f 44 E 4-5- -|UH4 *f4E, 

A 11 E^ 4fl°lB| 14 7]»H] d| el (mirror)^] *| 5 co] LED ^E^l ^S, 

*)1 12 E-fe- LED^l #4E, 

*l 13 17 £ fe ^olBl sflB^s] ol^.^ LED^4-&^1 44E, 

211 18 Efc- 4 4 T 3^ 4?]|^£ ^*J*f7l 4$ ol Hi 34 xj-^]o) 

2)1 19E^ a)| 18 E 4*1 ^1 4-^4 44 £;£ HS.4^41 ^sflH, 

A 20 Et- 4 4^ 4311:4 ^*Js)-7l 44 £E ^.^oj 7l ]ef E> 

2-11 21 E * »| 22 E^r A 20 E^l 4*14 411 444?1 44 *°f 4*114 40I4 ^HI-fr E44 ^ 

E£4 44°)1 nfl4 4^ 

32, 34, 36, 38 : LED § 40 : LED 

44, 46, 154, 156 : 44 56, 58 : ^4 441~ 

60 : nl el 74 : avh. 
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76 : *m 126 : ^e^^ wV£*|| 

142 : i£ o]]n]E^ 84, 86, 96, 98, 116, 118 : ^4 ^fl 

90, 100 : 3 3 4 92 : ^-34 

94 : 4* 3*1 102 : 4^.4 

4«joj *•'." '"*•"*• \ . /I $ -i g.o>s] ,r- t -;i /)-,;, 

ll-^-a- 443 .?-.§- 44 (light emitting diode; LED) °)\ 44 iL4 4*113-?_Sfe- 44 4o].$_H 

3} 44 3H4. 



LED^r 444 -§-§- £«H 4*44. -&4, 44 UHlH 3^°1) 4<H4 LEDfe 4^4 ^ol-g-g- 44 A*}^ 4 



5)1°]^^ 45], LEDtt -^SSI-Til 4"J* ^343 gooj, ai!^ lj^og ^g. «J-A).SVt}-. ^ 4*1 

4«-£ ^43°14. S* LEDSl LED 43 03033 4# 4£ oJ|u)4 =8 (energy gap)* ftfe- 

443 4hr^ 7] 4 (optically absorbing substrate) $|°ll 3444. °1 714* 43 ^ofH lH 5 l£- 43) U-T-f- 
^-SkF-S-, LED £431 JL**l #4:44. ^efl 7 l#<Hl S]*V 40J oj^fl.^ (single heterojunction type) tf^lt 
4f- u li (aluminium gallium arsenide; AlGaAs) LED3} ^]7\ ^] 1 £.0]] £a|s]<>| $14. p-E^S^f AlGaAs3] "HI 2 ! 
^ -if 1 (epitaxial layer) (10)4 n-E^ AlGaAs^l <H| sf] Bj^*( 12 )o] p-E^ GaAs 714(14)31 54 $H 34 
44. ofl i*| 8)^(10)4 *(12)S1 3 «■-¥■* **rfc 4£ofl Sltifl 4*1 ^ S ^o]r4. ^4, £^ 714(14) 
31 iM^l 'J* 4# iM^]a.4 *M nHS-ofl. HJ-#E1714 7]4(14)* 4*11 oj-aflS. vflJf aVAfs] ^a]tj.. 



^ 2 Hfc- ^3 7]4(16) 43 o] ol^^sv AlGaAs LED* £34 5) oj 4. n _ £3§ tg AlGaAs^] 41 a] @j^f^(18) 
4n- 7fl3] p-E^ AlGaAs 3] #(20 ^ 22)°] *^3 34(16) 4°fl 34?14. °W ^.#(18 - 22) 3] iffll=^(ba 
ndgap)* %3=f (active layer) (20) 4°1 43514 ^H^M Sl°l °11^^^#(18 ^ 22)* f-44^4 ^^^1 
4. ^ie14, 71^(16) °11 4°1 l-=r?14. 

LED 43 ^^O] cHlui^iL4 S oflt-ixl 7^^- J= 3 p^ Aj~g.*}i3 Ajt-o] ^, 014 e^Aj 7]^ 

31 S4fe 4^ ^-ol ^-£1^ 51* D-371-4. A«]3i, ^ ^43 714* *44^1 4^31 (metal 
adhesive) ^ 44^ (reflecting cup) ^}^_ zi 4*, £44 jg-o. (chip) 3q ofl^4 aj-u.^h.^ mj-* 5 | 

<H LED 3j s.** 4zJ^i 0.5. *j=^144. 



^4^ 7)4* 5>t- LED31 ^ o.s.i, 7 ].xl 71*01 014. % 7|»1* ^4^ 7]^ $W p _ n ^44- ^1 
„lBj^ ^4^71^- 3 ol 4. JIEi4, ol e]^ 4*4 7Wa oj^ ^ 7 ^ ft Wlattice matching )cl o] 

^\t: 5J<=M, 214 3t* LED oHiqej^^ ^4 ^ ^-^14. --a}^ 7l«J* 4^o 1 i ^7i£lfc- 71 

4 $H LED oflBi EH^f* ^4^1?1^ 74014. 6ji- s-ig, 3 E 6||^ n-sygqj f-4^ 714(24)4 p-E^g^ oi]s) 

e|^#(26 ^ 28)* iAlS|xl o^_o_ »^aj 7]^ o lol ] 0)1 jt] aj^ ^^44. ^4^^ » 7 ]#» ( 24 ) o. 5a x j. ^ 

^ 7)4 3Hi 75y m ^r\ ^7^0- ^v\]s] 443 o.s ^p^li, 4^34 o)lirH4#* 343?lt- 5<fl 3]sfl 
4. ^ 4*, 4€- -t(26 gl 28)* oil3)a|4 " 714" (24) 4°fl 344?U ^3 7] 4* ^7^44. 
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44 44, iL4 f-3>^ ■■ 71^(24)" 44<>ll ^4 gg^ * (26 ^ 2 8)4 4 $14. 



444 ^2f^ 444 £fe LED4 ^13: 4<*!;£- Jl o-o] 43 o.s. 4*11 4444 3t"4. 4 4*113., 443 °-3. ^4 
^°1J1 4-51^4 " " 44" SI oflil^-g. 4^ HV£*11 ^5L»"11 cflsfl 44 ^4 4 ^#4 444 nil ^4 

4°J. 4 &44, St 47}^4 53014. if- 4*1)3-, 7}^-s>4^ 4t 34°1]£, " 444" °H4^444 4*114t 
A J4 444 iL^slSS., LED 3] ^-§-4 ^444. 4 4*fl3., 44 A j 71* ^14^-3 LED 44, #4,44 3-6 
mil 4^4 £o| SKWfefl, &4 $11441-4 44S14 4447 r ^]i£7l- 4^ 41" 4 44. JEtt, 

44 314444 LED H)l?14 ^H^l 3H4« 444t ^4 -£^444. £oj =g 7 >4 4 44 (silver -loaded 

epoky)t 4^3 °_3. LED £7} *>^-fl] 44 * 4-g-44. n44, 4 444t $HB]fil oflxl-g- i^oj * 

St 344 5Uo.nl, 43. 44 LED 7} 444 ^ E 514. crsV, $|o|b|.§.£ 10mil ^^ l2] o_ 7RV o] 

°fl A 344t 4 1 £4 =*fl 2 ESj 4l7r44 7 l^| aj AS 7J-444 *44- 44 44 " LED14 444 a]s oj-ofl 

444 nfl i4 ^44 £-4* ^44H 444. 444, 444 44*11 4*4 44€ 4 £44t- 44 £47 r 4^14 
t*i 4t 44 JiMM aj^o] Tjxj a^v ^xjAH^ 4Jf- Jf-^ja 4,x} -s-g-Ai^i- 1=1 jf. §3=71 nfi-g-44. 



144 °-3, -§-4^ 444 4^44 J^Aj 7R Vsl 4*314 4444 A}.jr ^ (tradeoff) °1 ^44 444. 44 5J 
7fl5 4^4 444 444 444 4t LED 7} 444 4^ LED4 wl*fl 444 4 44 S-Aj-g- 7 r U 51 ± 

4, 444 4*LEDt- °J1>^ o.S i-t-ol ^4. Jl^4 ^ffe- ol^-ofl slsfl 7>^sf4, 4|*|q<g$'& A o v 

»1« ^4 Qt: 71* f| e| A^j-AjZ] jo^t (lattice mismatch) ±3. 91 «fl <H 3| -g-^ ^ ^ 

514. WIS, Aj-71 =-^1 ■ o." ,. 7]?] .„ o] oH4^A| ^^]d(£ 3]^*>>H * ^- 514. 



at -S-t-Aj 7l?V°l ^*J=^ a$ LED ofl4ejA| # 4 -§-^aj A >ol£] a.fjjn aVA>7l (Bragg reflector)!- ^ 

^J-ai^] o.s«| 2l±s>f]. ^514. «2lla «VA r 7)t- »8-#£lt- £4*1-71 4 I-t^ 7l*^O.S tfl-^- £4 
^ 7 ^=>l7l ufl-g-ofl jL-ir^l *J^4. ^a-14, « tu r 7lt- 4^1 ^r^liS 0 dAf^t- #4471 ^-g-ofl, aHl*V 

^-8: f-4 A J 7l*<^l ui*H ^14^°14. °dA r 4o.s.-!fEl ^<Ht>- ^4 A o 1 - , 3-^'S- #4=1^1 £j! 7l*^ #4*H, 

7l?Hl^ -S-^-44. 14^-01, H.^;! MVA>7l« 5, V t LED-i"^ 4^7> D] ^Bl^-Cfl, °1 1 100A f-^1 



^ -2-3^ ^°l£ 8milSl " if-4-gr" 71*21 4#34 4^1^ saJ4 7 ] ? v LE D£l 4^ Vz !4 4^ 

-fr 55" t- LED^l ^3: « 0 ^1- ^if*>t- ^°14. 

Aj-7] ^-^^ LED #S1 AJAV^ 01 ^ ^Al^sl <QXm Ajxj- 7 14^. ol^H], 0lE-l*V 7]451 oflBllMAJ Ajx^ Jl^glol ^ 

444 7l4# ^|*«rt 4^°11 4444. 44^14 4^-HHl Si«H4. °1 E -14 44 714-& *|<»1d| tj 

4 71^4- ol-g-SH LED *4 145lt- f-4^ 47)) (transparent menber)°14. °1 f-4^ #4 LED f^S) ^1^1^^ 

^4^1 #a 4^1-4 1- LED #4 44=14 % v 7] uflg-ofl, ^^aj 7 144 ^418^*4 ^x} #4. 



47] °jAixj a^aj- 714^ 44^ 7i^2i saj^. Tj--. led % 4^011 a]44 4€-<H44. <1-t *4, fe^ ^4 
^^s. ^44 *S4^ 47f 7j4-£- 2H447I 4«fl, fl^jg 7)4 7flfi7l- 4-g-4 5J014. n 4^-, L ED# ^ H 

4 s ! 4 (liquid phase epitaxy), 7]aV ofl 4 eB a! (vapor phase epitaxy), ^4 47144 44(metalorganic chemica 
1 vapor deposition) ^/£4 °lli E 1^4 (molecular beam epitaxy)!- «l^-4 ^4 444 4^ 4 44 44^1 

4^4 4444 A ^4444. LED ^i* <8<S*rfe LED #4 44 4^4, 44 H 44 ^7fl# (confining layer), 
44 44 (current spreading) ^ 4 4#4 (light extracting layer) 4 44 44^1 Ul 4 4-2-5. ^ °1 0.4, 

4 4^ 4^4 44 444. 
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LED 4^1 A^cfl t^-EM, A o V 7l «]Al^ f-^Aj Aj*)- ^2. = ^ ^^EB^^o] jgAj-S. 7 r 447l] 4fe 44^1 4* 

* 45.44. ^av LED 4# °HM4-5L4 47)4 g:^. ^-S- oflujxl ^4 z> 7 ) ni)^) ^ ajaj- 7 ) 

44 ^Slfe- ^l 4#2]44. 0)4 £* i^s] oflb|4 ?J4 4* oflu-)4 A}o) o) r}.^- £ o_^. aj-uv§| ^J- 

1- 5J°14. ^ 7l*s] Hj-tfol &4 4, a >fl^S^ 443 6)| ^ t Hfl^/^eiAi (i apping /p 0l 

ishing), 44^ °1* °fl *J (reactive ion etching), <=!-£: 4^ (ion milling)* A>-§-^ 4 °J4. Aj 4 7 ]b|.o) 4t*H^ 
*4 A i! 7]44 Aj^i-- ^«-^.oiq. £^1- ^T^R;- 7$S_ S44 4 514. 



a 4*, *H 2 7144 ^-71 LED SlM^l ^444. 4434 4*H°fl SH4, ^1 2 SlM^fe- ^71^ £S|)34 

443-P-5. *MH8°14. It^ 7144 HlJE«i tcfl, ^^AJ 7]^ AJ^ «jAV*o]4, 44* LED 4^ *14^ 

Ol4 8J4 4 OJ4 ^Aj-A] _o S __ LED LED i4 p . n Aj4<>} Aj^*> Hj^Af £ftfQ Ojcj-Oj) 34* 

£444 44 A 1 7RK4 ^]4# 43 3*4 (interface) °)14 3 ^ 44 (resistivity) * 2)^44fe 4-8- 

44. 0 Jf- (indium) * athSpfe- 44-§"* °1*44 44t *14(ohmic) 4^* £*<>! 44. 44 4* 44 

1- °1SHS., £* o]^-£ (surface mobility) 4, fe* 44-£(diffusivity) ^/PEfc- **4 tfl^ ^^(masstra 
nsport) 4^* 54>(<*ll« i!4 4* 4* (Hg - bearing) S]-ft, 4^-f- 4* (Cd - bearing) 41"# $ 4<S t*(Z 
n- bearing) 44#4 4*) 4-& 44#5i jaafl 4^ $]}o}3) 44 °1*4 nfl "l^M"* 7fl*4 3H4. 



4*4 444 4 7 f^l f^fl 744 Tj)* oH^fe OJAH AjAj- 7 j#<>) ^ofl vV 0 >5J fe LED 42:7} 

^-1^1 ^J" 71*-°- LED n L ^^ tfltt ^7] 2 7l*cq jfofl^> 7fl7M4. ^ 2 7l*4 ofl^q-g ^^j-s] 

-g-o] 4u] 2 7l*Sl ^o]5J] 4*}-* °l-g-3 r i£, 8mil c>l^S) -f^- 7|*2] ^.SJ-ol 7>^-*>7ll ^4. 

4 2 714* °1 71 ^s}-^ ^#4 ^}= r ^aj.^. 4-g-43i/*l-7^ 4 

71* ^171 cj7fl4 Aj^- 7l*0l ZIS.^ ^7]S]t- LED ^31 *&o\} f-4-a 7l*°] ^fl 2 $H°1=1 St i^Til ^<L> *j=^ 

71 7-11 ^1 ?>^^-Sr ^7l ^tr ?}-4t!-4. 44, 7l 7fl2j °V^^4=>1 ^A*>43, 4 2 <|«>1^ #q 4^lsi ^ 

S S ^ ^1 2 7l*^ XI 7-1* ^- «14. 



A o v 7l 4Mb) tj*}- 71^4 7 p 0 v ^-sj-aj ^-jg 714* ^7-1431 ^r-4^ 7l*o.s tfl^*>^- 5jol7l 

*>^l?h «>1 *A«r^l ^4. U^H 714-g, 4a] a) ai s 44 ^44^ 4^ a^a^- ^ 7] 
*°J ^°14. 714^- LED^l 37)1 7fl444. tcfeH, M4 5fe ^4 A J 7)40.5.0] ^^.j. 

o)4 ^ a] a) xfl7 ^. ±7t}5] «jav A )7j 740)4. 0)4 4a>44 #s.$& 4^- 

J*4 fe^r 7^-- *^--*0_5L tflAflU 740)4. 



?i*t> ^l°lul 14^* ^fe- #4 •Ss^l 4;7>« - o flo]2l Tj^*,, o.^ £ ^a-))4 &) )a-i, ^0)3) 44 

sItt #<=1 4^ 4^* 4e4H^ # iE-b 714AS.A-) Aj^s,^ 0 ) E ^4 ^o) 4^ 

44(heterointerfaceH H l 4°i ^1 °1 4 44^1 ^^-°\] ^^s] a} o] (misfit dislocation ) o) 4s Aj3jo] 

74AS 4^44. 41 ^1 4 £t°l *J4 a l?l ^S. ■ °114 ?i^(edge dislocation)" , 4, ^.44 

°1 ^ ifl<>l| ^4 H)7^ qq (Burgers vector)* 4fe- ?i4s. <^1^-<H4 ^^^"4 44^1^ 74 0.3. 4*^1 Sa4. 

°lt ^- A ^-fr nH- ^£^1 " ^ell^ #3 (threading dislocation)" , 4, SL^ 4^51 

^1 #jl ^^-^l 4^14 44-°-S 44sl^:- 7^40) oii:- 4°]= 444^ oflD]^^ 5.7.44 ^^-5). ti^ 

*14. 
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4 ^o] 4^ ^Al io)]Ali-, 14^0)! VJ-B.A] Z\]7]!g 3g£L±± 4 1 AjA}- 7 ]4 o^ofl f^o] ofl4B»A| AJ444 § 

£ ° a VJ f»]-H- III-V ^JESflfe £4 tfl7l ^EtHH^r 44^431 7 >^ -§41 (hydrolysis)^ Sl*fl «3 7^14 
740I4. els)- 4£- 43 x^i-- 444 ^-f-nl^- 44 III-V oflal^^^ £44^- LED°fl tfl«B 43^31 £- 

4714 3W4. cxjjs. if-o], ^ 3 5:01] Hi-fi]- AlGaAs LEDt H-°r 4^4^] 43^ E fliE ^4 ^ o. 

4-r- D 14 2: ^##(28)S] 44s] ^4 5 .a] ^^6.5. 44s] ^44 ^Joiq.. o]a]?} zj*] ^o]sl 444 a}-§- 

4-?-S*l AS. 4^4 4 514. «4# 1"4, ^4 4^1-ff 2^1-^(28)31 nfl^-g-^ ^ 4^14 £^-4 5. 

44*1 Stt- 443 Jf3}Ajo] ^cAj c.flolB] 44^°fl fi]Sll 4 514. 444 GaP?l $Hs] ?4 

4f^ 44^ 714(24)3] 4J3- 44 tfl-il^l A r -8-« ^ 014 a fljAim<»l^ (passivation) ■§■ $IM S| 14 A 

<S4 4-§-4^ 5!°1 4444. 



4s ^AHlofl oio]A^ 45^ n]^ ( mirror ) i=. LED ^4tI- LED #°fl 14€ 4 $14. =L 44, D l &1 

H »H l *s 4*^1 44 ^4^1 s4 444 fl*H led 42^1 4*1 4444. £ -*H°W Sl°H, 4°1 47] 7]4 4 

*H£- £44*1 ^7l nl^i- Aj^A-] o_ S 7]^ ojsfl Xl^SlB], 7144 f-^Aj 713]- jni-- JEL-jj.^ 7 |^.oj ^ ol 

4. 

JE4, ^-11 o] s] ^^g. ^ic]*]- 4430] ol^ofls. aj-Tll^ol, 4*^ $ /aEfe oJa] 4^4°] ^^j. o] Sl ] 0 ]^ 

4 514. III-V aV£^l *Ho| Sit- SiC floliHfe SHI'S ^24 $1*11 II- VI LED 424 7j^-sj 

4 514. 



hi 4^ 4*1 «h 51<H4 ^Hsi *h=i ssi- * aws. ^/HLt -a 

«ja| o.s S*r^l?lt- "J-IH sl*H ^flE-i^a ^ i« LED21 ^^°1] tflsfl ««rfe- ^s]e} 
71 fl« fllolB] 1^1 9^^^«f^<S^<H| fl^^. (depression)* ^- 5tt4. °1 ^ °fl ^I^SIt: 7 r 

-§-§- LEDi *f|*SH °fl n lE] (spot emitter) 2] ^SS- ^44711 S]-7] ^sflA^ =4?$- 

1r«rt" S-i^lS'lfe ?A°] a!4. «*rt- ^ ^2] vfrtfr* 4^7] $j] o] sr] £b^1 44 S.AJA 33 



A J-7l*V 44 31 0 l2l ^#-¥-fe ^ ^712] 7.-1^4 <y=^§v 7 ]^a] tj-^i- ^ ^o] 4^-^44 4 

*](van der Waal ' s force) £ ?i^2] 0.5. ^4^- x-]*J- ^4 Sj-^Ajfi] ^ofli;- H] Jl4^ °1 4 il 

514. 214, n^- A-isifif a]51-i- 2^4^ «4^r ^*J- ^4 7HH ^-g- ii4 ^3]^ 5W1 514-t 53 

5L gBjxj °^4. 214, i-fri^i 71-4 1 ?! ?-H°l2l7l- a-i s -sf-4sH, a§i, Hiaa) ^^.^ ^44^- 3 °- ^ 
o]b1 S4fi] s^^os ysfl t 51t- -S-^171- 2li4S ^ 514. 



iL 4^0] o]^^ <S<>1 ?1 LED2] Aj^o| 4444^- 5J014. #0] ^fSf A]4 = 4 4AJ-4 ^ 0| 

4. 4* ^o]Sl 7J401 7)40] oIlitjSjAJ Aj4 A ]o] ^1 otofl 4-f5]4 a#^°J H o V, S-5-S 8mil °1 

^ 714^ 514^- 5l°14. 



7]1 4 424^, H- r |2i ^ 4*11 4ai 47ilfe- 4^0] led ^Hl ^^a^j 7l4(30)-£- -WHr- 

5J°14. 4IJ-214 ^l^HHl S1«H^, 714(30)^ led #fi] ^<H1 47^]^- °ja]a] ajaj- 7 ]4°14. 51 

7|?VSl ^7]^ ^ i^A] o. LED o] ^-^4S.S., 714* LED #^1 ^Tj-ofl Dl ^^ 

4^4* ai3j«l-^ ^ 514. i« 1-4, 214 ^S*|AS. 714^1 51^*1 ^4 3X3] ^[4^14. 

jie14, o]4 ajai o|on oj^a^, 714-°- 7\]^f 4# 5l^ss, >g 4°1| ^-344 4^-£- "ll- il^HHl tfl«fl ^-A4 
4. 
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tfli^?] 7la>(30)^ 250y m^l 500u m GaAs 7l4°.3.4, e] 714(30) 4 

7flal LED #(32, 34, 36 * 38) ©1 ^#44. #(32-38)£ <H*\q*]. 714 ^14*1, ^4 -fM 44 ^4 « 
£4«J oflsJl^Ali- tal^tb 434 4<£4 4^4 a^z] ^ 214. #(32-38)4 <>1#34 LED* <§ 

^4*14, 4 ^ Eflo] LED 4:xHl °l-§-€ 514. %Q 71* 4S 3^ #(32)4 n ^^44. 

33 44^ n-5L^«§ AlGInPSl 4^f TjTfl&o^. o] 4<f 7j7fl#(34)^ 800nm3 o^a}?] ^ ^ 

4. 



AlGalnP^l 44#(36)-& 500nm3 Jf-4|S a^J-a]^. a. 4-g-, p-E^S AlGalnP^ aJ-« ^^fog xfl 

4 ^a-t 4*^4 44 7^7il#^ 800nm4 441*)°] -^s 4^4 x^^o^ * (34 36 38) ^4 ^ 3 
£AJ£ 7}a)4 ^4^4 4^4 (window) #4 4-^ 7^14(38)3 $W ^4*1^ 44 44* f^J-A)^ A3.*1 744 4 
Sl-fi] 444« ^- 514. 4^4 4i4#-& 43)4 (Fletcher) §-£1 44 ^ 5,008,718 7fl4£|4 



4^ ^ESl 443 ^4 g{ ^l*} *144£- 44#(32-38H4 4 fl^r-fl, 4^;- r± #fe~4 *134 ^ 

S-Aj o_ S _ i7}°l Aj^-oj Ajz}5 W 4 ^.a. ^ ^ -g ^ o|^. n]-a- £$tf| #7] ttfl§-44. ZLB\^ % 

43 ^r^3 ^4 3 7)4(30)^- 4^*1 ^44 <£44 4H344. ^ 5 J£-i- 4^4^ , AJ4 7143-0] x)l7l£l<H 
A 34# (32- 38)«1 -si «q $43 LED n L 2:7f 44*14- ^ 7 |^| 7fl7 ^- ^ ^jg/^e^. 4£ ofl 

4£ se*:- 4*3 4^4 ^41- 4 < a=4 U-SM 344 43* <f- 514. 44°il a.4 4^14 4^4 

44 44, 7l*si 7fl7^ Hj-rt-e- ^7^01] 7H3J4ji ^ig^. ^o] *V ^-4. Ajjg- 7 ]# o]*]^^, n\ 
4*(32)4- «4 SEfe ^aiAS ^714J7 4«- ^741^-1- ^^5.3. xfl7l^ 5J0I4. 



$1*1 ^171 ^, *j=Aj. ^1 5 £o1 ) £AlJ g LED ^( 40 ) a] ^4^(32) a ^ «|^(38)«1 1 

^-*V4. ^ojjtjsl oi^i. LED^a(40)4, ^^#(32-38) ^/3£fe 7l*2l ^7]^ * ^-S}-^ s.Ajofl 

7^1 01^4 ^^^4. 



7fl 6 it- ^E^o]ji, O.S. 7l4(42)o| 4^*(32)i n*}^ -S^l <^|1- 5J0I4. ^o] 

Bl -f-4^ 714 0 ! ^4 ^-g; 71^-fil AJX> i^^O] 7fl^-^ ^ 014^- 01^^- 7|^*V4. ^1 0] TF] f-4AJ 7] 

4(42)-gr 8mil-gr i4«rfe "111- S^r 5J«1 4=fH44- 8mil .%4*fe 714^1 *j ^Hl f^2fl 7)^^ 0]$. 

74^- *11714 l:7f^^ ? j ^14^. 5J014. LED ^(40)^1*^- h)h^ ?^#(32-38)4 

^"JH €A47l nflg-ofl, ofljfl^^ Aj^J- A ]^.o_ Aj-cve) ^ o iii o] S1 ] ^^-o] 2)cflS. 5)4. Ci^-o], ?| o] 

sl l^^^^rOfl^^-g ^^-Slfc- f-4^ 7l4°11 4 all 7)7fl^ SAjo] ^A o v^i =^ o. ^^a. ^1^*1.4 LED 4: 

7>M-gr 4^717} iL4 -§-°1431 4^°1| 'S "3^44, *11^7f C-l -§-0]5llA]3. i7} ^7>S)4. o] 51] Sft 

^ 7l£- ^-o^^ ^Aj-ajo] 44 ± ^ 4«-S4Ei p- n ^^-i- 7i?lAl7lirC-)] ol^-s]^, 4iXl-7> #S.qsi\ & 
-n- °)1^H "11 4;7>S1 44 sis. 7>^-a^o1 4iS]5L^- ^ °i4. 



^ 7 £1- 4-^4^, &$Si\ 4^^H1^ LED 71 $<>1 54^14. ?14(44)^ ^ej- (evaporation) <^1 

«fl A o VJ f- ^711^(38) ^Hl ^Ajsi4. vi^i,- 4^ 4^°14. 7fl 2 ^4(46)-°- Jf4^ 

714(42) 4H1 ^^44. °1 £4 ol-g-4 =r Sl*-4, °1t4-& §^8-4*1 S4- ^Ifi.^- ^- ?fla-4 

^ t^°14. 



^^4 44i $1^4, ^l°ls1 n-*4E4 ?i^4 *^-S- «=8*rfc 5J^1 4^47-14 2^- 4-2-4714^1 t 74 
°14. ofl-S- Ail 8 E°flA-l, 4 2 A^j- 714(48) "i Afl 4 £4 ^2ioil ^14 si 14^14 514. §r, 4 2 714-& $1*1^ 
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^4 714(30)2] $7]^ ^o]^ 7^44. 7-H 2 7l4(48)-& 6mil* ^44fe " #9J 442)44. Ha] 

^ ^4 71^(30)0] ^ 7 ^] ov^ ^olB] ^44 °H3]e!j^(32-38)°l 7]#°\] °l5H 44 ^XlS]7l nfl-g-^ £4<i] 7] 
7))3<?] 44^4 31 7 )*) jO S 444 2] 5jo]cf. 4@]*| o_ Sj ^31] #4 $}o]3\ £f£6\] OVA-] ^ 2 7] 4 (48) ^<H] oflsl^ 
il 4 $14. °l£i4 i^ail JE4 ^^#(32)^ 5l-^]A-1 Aj4 714(30)4 cfl*U4t 7]44 4?fl o) 

4 $14. 



4€- 4*H°ll oic^a^ 7fl 4 5:0) ^4^ j=3j).Aj t£i, 71^(30) 4°11 #(32-38)* ^#4?1 44^1 42 H 4 

SL $14. X| 8 -SL^l no]s\ «ff(48)^ 43 D]^ E-g) q 5,008,718 S.^ #2.4^ 44 44 -flJE. 

4-4*14 4^ 4h a o 1 < 5 14 4430.5. 44^4 4U 5i°14. St?!-, 443 4# 34 «KtS] 444 34 

°li 2)44(48)3 7J4 * , ^4714(30)4 434:2. 44$lt 423 44°11 4-g- 7^4 

^1 °1 ^ 144t: 5}5i 7>444. 



t-144 Afl 4 £3 44 aJ£aj o. ^i, ^avo] 3,(30)* 7HP-S-, 4i43 44 ^.xj. 4, 

£ $14. 3 34 44°ll 2l«H-Hfe, Ji4 ^4 433 £.£^4 Jp.44 7 12V* ^44^ ^joj H>BV3l*V ^o] 

4. 35^3 ^7fe 4i4^1 ^44 4^3 « 740)4. 3 44^ 344 44 ^E^f 4t Vf-sj LED ^ofl ^olB] 
44334 44. S-4 35^4 ^-4 A o> 344 #4 35^* f-4^ #3 47] # 5Eil- *fl3 *ofl LE 
D 42*11 14! 4 



447MS-, 9JA1^ Ajx> *^Aj 7)33.0. at j. ^o. ^ E Aj^. 71^-O.S tflSfl^ 4 0^4. *^ Ba}- 

•HI 3133 14* 3-§-4rr 4^*1* ^^1^7} 014 7^0. LED ^ 

Aj-Al^J 74 Ol 4. 



^ t^l-^- m _ y ^jfl^. f:^7)<H]A^ H.0J.^^C11, oli-- 7I.4, «.^o,l o] dfl 6.j£. ^*>£l7l trfl^-014. 

°1^* ^ ^7)131 III- V ^##(30-38)* ifl"4t- LEDi «-^|* 

0 >7]*V4. E-ni, ^ 7]^- ^efjl i^o)|Ai ol^Slt if9V fe^- ^-U]-^ ^fr ^741^(38)^ t>S}SJf-Ei ^7] 

« 5J°14. °1 °J:^ ^71 ^nj^. #*#^ cflJf^-ol ^ D] ^ ^^--Sr 3E^H ^i;- 

^4^°J «H<>lsH ^lsfl tpiM ^ o. xl?1€ 4, --d^ ^11 o] si 7j^-* ( 50)^ g 

aP«a <r$. 9i4. 



All 6 £-1- 4 A 1 ^4^, -^4^ 7] 4(42) 4 LED ^2(40) 4 0 ]^1 €4^- #7l*i a 0 >o># ol-g-4<i) s| 

t TT 514. *fl# #3. ^ fll^lBl 74*[^ 7)4(42)31 Aj-a. o) ^ ^Aj S fj7, ^-§-4^- oj^o, 

LED ^£°1 2]4#(32) fli t- 5Z4. 1000A °14^ ?>^- (contact) 7} 4^44. ^ if- 

^1 sfl€-& ^^4 47l^j 4^47fl § ^ 51* ^ss. #^-§1 ?14 4^ 44°fl, ^4°)} g^^lfe 
^^1^4^- LED ^4 714(42) 4°1^1 ^8^-7} ^4^S 7i4AS-!f el 4 ^ ^4^ 7l#o.£°l 4#s# *] 

^ 51* 44 t--£-*l 444 44. Jf ^H^=r ^^714 4^-oi 4^ ^ E ojci. a 4^ K ^ 
2l4#(32)^l ^44 Aj^siTfl 4 ^a}!- jL^oflA-l ^4^( anneaIing) ol^j-o. oi^sg o. Hl^-444 oj« ^ 
si fl|o]B| 144 7ii^4i 4^s>4 7^ ^H-Hfil 1^-8- ^1*^4. 
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4£*fl - 4-S^l 44i Hl^H 444 l!4 4£7} «VE*fl . ^-b] 44^ cflgfl ^s|fl4. HV£^1 - a>iL*H 44°fl y 14 

^ u j-£^i -sio 2 ^^-i 447MS4. 444 44421 oi-a- nfl-s-°ii cp-^i^si 4£*ii -43 -&s.q a 

AflH^l^ «V£^1-Si0 2 -aVi^l- ^]S*H 7)4 LED* ^844 53 °1 44*14 3°I4. 4 10 JE# 

4^44 -fj-2)4 Si0 2 P£t- 44 4443 #(52)# 443 JfL2Hg°l ^£>gsl 7]4(54) $W 1^4 4 Si 4. a 4 
4, 4 3 $H 4^4 ^a1<^|4 tJ-o] *i 4444 ^7fl (56) 4^*}?} fl*H 4(52)4 sflE] ^ 44. rfloj^ 
AS Jf 4*) AS, 444 */i£^ ^4f«-J| ^(58)* LED 4i£(40)2l s^f^H s fl E ^ § - E oj 
4. 4*1. ^4 4s4 JiM 3 ^44 #44 434 ^sLsq *]444 tfl44 44^°1 

7]) 4^r #*fl 434 #445:4 4ENSH44 44 -J 4.^ #(52)2) ^4(32)21 #4?fl 

•H^U^H 44 4°H fll6]Bl Tj^-ol ^^El£S *V4. O^o. 7fl5-4 #2} £4 7j-J£S Tj-gj-A] 2] 3} a) 4.. 

7fl 11 £-1- 4^44, #44 LED 42(40)4 nl el (60)"1| SlHs] 4444.^- 44, «ls1(60)£- S.£- 44 44 31 
4 °H 444 1-114 44 444 74014. o] 444 £4 «s] 4#a)4 f7HS 5Jo]4. "13(60)4 7l4(62H 31 sfl 

3344 ^°1 44344. 44 43 71441 5^471 4<hi «]:^>s| nfl^-^l 7142] 443 4^4 4^1 



«le1(60)4 714(62)4 4-E^ 71)5.3. 4lr3, LED 45(40)2) 433^4 ^14 #4°! 344] 2] 44 4 $XA] §114 
44. 33^- a* ^4334 44?1 « efln #a>7W 2)sfl ^44 4 5J4. GaAs uf q*]^- £# 

4^4 44 *flS.fc 3443 34(62)* 4# 4 514. 34 ^flS. # ^tg 74, ^i-g. s.01, Si4 7 ^ *fl3.^ HlHaj 
* ^#£^i- #71 ^£-<Hl, °J-4 ^71-7} Jl^ HLfe- Jl^^T- 4Efl°)l^ 4-^44^, °1B14 ^51:-^ i4-t 
? J ^ 514. 



LED ±41r-8r JE4 ^ols| f^A. -§-^v<^ 4# ^ 514. °14 ±4« ^ I2£°fl £ai*V4. 
%*r*7} fl-sfl &£<S°l ^lElTfl 5>fc- aE-l§V #0)4^, 4^01 LED 4^(40)4 LED ^££(64) 

fe 4^1 14€ 4 s 51-11/51714 4€- *<fl 14€ ^ 514. LED ^(40)^1 #(34 $ 38) ^Efl^ 44 *> 
LED 4S(64)S] #(70 H 66)21 E^g ^ Eflo1 i tfl-g-*V4. 4eM, ^ LED ^S(40 S 64) fe- ^ «fl t i€ 
4. £4, *J«>lal ^.4« i^S-fi: "ll-f 7J-431 £^sl£4 ^lssH4 44. 444, 451-2- 4*1] 344 i, LED 

^24 4cflSli;- ^Aj^. 4- 7j-47fl S.3§# ^4 (tunnel junction) (72)* ^^44. °14 45], 47l E-) ^ ^*J- 

4 a ^f-°l aigofl cflgfl ^ojBl Tj^J-ol S^H^l^ ^-EflS LED ^"2:51 fV ^.f 6 5 Al 0ll3l@jA| Aj 4^ ^ f£ 

514. 



^1 12 £31 ixfi;- zl-z^i LED ^5(40 ^ 64) 7> ^44 4°H^sl£4 4^- #4(74)4 44 #4(76H #°J* 
°l7}4o.s^ 4444. 44 444 Ss^s) 447) 7]4(78)^H1 444°14. ^14 ±*W 444 

401^^1-- 7^4^ ^4 ^44(72)si u}oHif ^^A)^, a. ^4^7^ s^f A 0 > EfljiL sl?fl 44, ols 4 
^)as, °jsi t-°l LED1-* 4^)1 2)4*1^ 4 #^4 s4°l 445)711 4 4 514. LED ^5(40 * 60) fi) 
4 A Jslt- LED ^44, 44 LED ^t-^l 4^1 ^f-sH 51# #5-3. 47) 7fll^*I LED 454S1 444^1 40.3L 
444 5l°14. 4^4(38 % 68)«>1 4 0 ^4 4# °14i#l- 4A4^1 ^4. ^214, 714(78)4 7^4^51 L 

ED ^2421 44 <H41*liL4 s 0,4-1^1 ^ 4-. 5,0) 443)44. a)^ ^4 ^s. -^^n 
^--je 5144 4°f4 44. 



LED i7}°i ^a^oii 51 tji^o) 7l44£ floi^ 141 ^ 514.44^4 4*HH1 51<H^, $-11^51 444 

4 lmil4 ^444 4114 44 SKM3>1, °l5Ji 444 ^ 514 7flS.S4 Si, Ge, AlP, AlSb, GaN, AlN, GaP, 
GaAs, GaSb, InP, InAs, InSb, ZnS, ZnSe, CdSe, CdTe, SiC7> 51 , e>l-& 440] o)tc-]4 5f£ £444. $141 

^1 14 7144 ^14°1H ^^4744, J&fe- Ai^oii4 40) 4-4 7)^.0,] aj4*^. 4 7 }4&i 4^4 4c 01 

4. <Hlniaj4 ^4444 7I42I ?J4 7^4 ^o^ 44 ^44^1 ?is.44 44*l7l^ 44 44 °l-fMI4 47>44 
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£ 4t 5j £ 4444. 2i f V, ^ol3) 0)11- l-o^ o A xm q% 7 ]4 %s§S]^ 2 U miL4 

gR- °l|3l9||f C S t }.ir- 7 B?44. n 4-g-, 0)^4 ^4 44s] 31| ^4 7 |^-0. ^6|, ^]7^S14. 



^ 13 £t- sflEi^sl aV£^l (126)7} #Jf. ^7)1#(130), fl:^#(132) ^ ^)#(134)4 £44t- LED 

42(128)°H SHb] £44 4*Hm 0^14 740)4. LED 714(136) ^Hl ^4*l?l7l4 7l4(i36)°ll 

1^1*} 514. B flEi^4 ^-£^1 SIHb) (126)fe ^ 8 42:4 C£ 1 7]^*V t^bi 34 44 4514^ + 010 
4, °l^-gr tA*} 0^4. Bfl&l^sl *W^(i26)fc ^fl^SH *Hr- S£(138)*l| (140)# ^44. 4# 

-Jr-zfli:- sflE^s) fll<slB|7> LED 4-^4 7J44 it)] 47)*) 4-34 44*1 4^4 gSH^ 3H4. 



*ll 14 £<H1 5H*I, sflE^s] bV£^ $1 °] ^ ( 1 26) tt LED ^2: (128) 3 44 ^?11#(130H ^-IH^I £444. 44( 
142 ?1 144)4 sfl&N4 *llol^(i26)sl 44 K ^ 3 y 44(136)3 4-r- fi^l S344. sfl&|^=l ^H^H &<>H, 
«-#-^(140)t:- (cavity) 314 a] ^4-§r ^44. 34(142H cfl4 £43 °]7>fe- LEB 4 2.(128)51 £44 
££51514 4 ^01^14, 344 ^1 14 c fi] = jra 4450)] o]^ JEA^l^ £ £ ^ ^4 4S "JSj oJM c^i, jr_ 

#■§■ £°14. 



£4 33*1.2.3. ^^°14. 3. £4, ^ 14 o(a|¥! hj-^^i o 1? > ^^g. LED ^o) 

a** 3hM^i £°u £713 44 5i# £5.3 A}@joii 4£-4£ *ii*£4. 



qi#e11°l (display) ^ i£ <HI nl e] sj- g-fr 4^ LED ^fl- ^ * ^S-Jf^ 514. ^ 

15 Efc 7] #(146) flofl LED ^2(144)«- £Al*V 5)0)4. ^€-¥-(148 « 150) t- ^^S] 

^.W(152) vlH LED ^24 *fl*l5] ^^ofl ojfe ^*l-£- ^(154 « 156) AS^-Ei a ^ 

^S]^- 7]^ $4. ^-i-^-S-o. ^^fij ^7]aj °§^4 ^)^>7l aDg-ofl, ^^^1 sf- 
^-^r H-#^-(148)4 t#^-(150) 4°H1 ?in s r ^fl ^1**4. *«8- ^-«a S i 

$ oil "1 El (142)1- ^-a-fr i4°ll 514 ^ Sfl«H-*1 4^1^4. ^o|o( jfloixi, f-&-?-( 

148)4 (1 50) ^-°o v *dff- ^2l*te Ml 3 (inside diameter) 4 St" m ^^(single annu 

lar cavitiy) SI *]3. 4€- ^ 4. 



^f-U «15L^1 ^o]s\o] SflE-l^-g: IE*1 LED f^o.S-^E} ^44 ^ Sli^^S. « 0 >^ ^4^-^ 0]% SLS.*] 

4-8-€ n- S14. ^4^1 7144^ ■§-■&■ 95 ^1^* 5J°14. a ^1-1- xfl 16 s.^1 £^44. 

LED #(156)^ 4 J f-#(158)4 *Pf-^(160) *\°}°\] 44. ^¥-#(162)4 $1^(164)3 ^S. tfl^Sj-fe- 

■air-Sr ?-)l°l^ S4^14. Hi ^^(166, 168 ^ 170)^- 4^4 h]^.^- ^^^.S. 4^:11 t 5tl^ l£S 4^ 
(172)AS^-Ei i<H^l7fl ^ A j44. ^4, ^ 49 ?i«r* $1*11 ^4^1 *S-*1 44^1 sfl4 *4. 

^^^1 e#A4 ^ ?i4°ll £\f% %°] -f-r44. ^Sm), 13- ^#01 ^ 7 >« ^ 514. 



?14(172) O-S.JfEi LED #(156)AS£] ^14^1 4^ a|44 «8q#(166, 168 ^ 170) "A ^1*11 <g<8=* 

^1 LED fo?.f^ 4^tt Ih^Sl ^ ^4. ^1 "o^ Hi m ^^#(166- 170)^1- 91 

4°1^1 *>«>H ^14 14^1 * ; SS4. ^« *JE«l|ai ^4*^ rfl4 3°J 4-a°fl, ^^l^isi ^^1.1-^ 

cii4 i°14. hi 744 ojwoflxiq ^^4^ 4£*11 3H31 44 4^ ofl '&3144. ^I^AS, ?44-Sr H 2 P£t- P 

h 3 4 71-i AVEflsi «r^°il^ t^?14. 44*1, 7lia jfl^^l^fe ^4°1 514. °14 4^t- a^- 4 
?14 £5L°1H H n H- 44£ #^.1-4 Sfe4. ^^l^l #^1-^ ^s-l 37114^ *«1 

^1^1 =lt- ^4°1 &5i^ 4t- 5}°1 °1^ 6 1^ D J-, «>1?!«1 ^iL*v 5J-& 4^4 
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EflE^isI 7j^-g- LED°fl cflsfl ^-*^Kr 4-g- 4^S\7]i} 7l^Hl cflfV LED^l 

If °ti SM LED f^l- ^ 441- sflE^^- ^014. ^ 17 co,] sflE^sl LED #(174)* f-I-Jf- (176)1- 

£tf 4. ^(174)* ^ ^M7l7l4, 71^(180) 43 LED f^(178H SIMS) ^_f ^M Si 

4. «-g-f(176)Sl , *l| 2 71^(182)^ BflEl^S LED £<3°ll $Wb| ^f^cf. «>ls r ^e], LED £ 

(174) g/3=^ 71^(182)^ BfiEi^^ ^ S14. af}, Jf- #* ^M £f 44 *H£ =f f> 44 



cM *H 13 #a43. f-I-'H I40)t- s§ 7l»H <q*}<*| ai^i ^oiBj(i 2 6) ^^«J ^ £14. £4, 

t<^MM * 4^ 4f 74443^ *fe *iH4i-si ^e^b^i a>.§-*v - 0,4. ^1 W-i 

^ 4€- 4^-^*4- ^l^i Dfl^ p. n 3^ 34^3 ^iV^ (selective diffusion) 3=fc- °1* «f- 

0 df 4, 4@!3 BflEi ^ ^ ^ ^ ^ ^^ ?} oi-g-7]-^*!- » 0 v^5°i :£f °1 514. 

fj-4!#si 3*, tfttsu 44-§-3 ^ 1.60.SA-], <>]%°. ^ ^|o]sq ?J^i sjifl $<S4t- 

-frAl^ if}-*] #4 44* ^sM^M ^£-s r 4. 



n-GaP 7l#* ol-g-s-H irflE^E] ^<q ^ 0 ]sl 7j*}-g- BU^E^tJ.. sflE-)^?! n -GaP 7Hfr.fr 7l^* e-l-g^H 

BflE^Slxl ^n-GaP 7}$°\] If S4. sflEl^^l 7Hg-.fr cflsf 175u *1#4 n)14 15u m a] 510]=. ^v- <ytg 
fl^t <41!4-5.3.*1 ^44- f^l* tflif 125p m^E 4 3. ol25s)cf. *]^o] 3 o. f SflE^o. ^ 7fl 

a* 4«-7M°14. lOp mi4 ^ xi^s «fc 74s 7l-^eH, a uj^-sv a7 l°l ^fl. ^s; $ ^ xj.^ ^^oi 

^1*1 n- & 711 £4. n-$ SE*:- p-^ If (unipolar bond)* flft ^-8: ^7]^ GaP - GaP 1^3f InG 

aP-GaP 7l^i ^^Sl^, zl aflE^^l ?flols1«-^ Hll^ i^-g- 7 >S^sfe ^ifr 

* U-^l^^ If 71-S.^fe Sfl-* €4. 



^ 18 Et- *V *%2\ fl|ol5)( 80 )ol o| )o]5l ^^o. a^ S ]. 7 | o]s> 0 j.3jxl ^Ajsv ^014. fl|olD| ^--P- 7fl 1 

-?-7fl(84) Mlfil el^l/- (recess area) (82) °H 4t $U4. 3^1-^ ^^(82)-£- ^| 1 Jf-7fl ifls] 0. 

5°J^1 X0.8°J^1^ « 31014. ^1 2 Sr<£ ^^(86)^- 4 1 ^^S^ ^ (alignment pin) (90) * *o r ft 

°l£LS (hole) (88)* £f?}4. ^« *(| 7l (graphite shim)!:* f H If ^ *n «*1 =1 

*(80)S1 ¥1]7} <£^*]°1 &y §.ov Bi^sl-fe- 74^. ^.a o v^ £ s e)^)^ <^«( 82 ) vflofl ^2) ^ ^4. 



^ 1 *<?! 7fl(84)4 7-11 2 ^^(86)1- Tjl ^(90)* ol-§-*M ^f 4^1, i ^ «fl (assembly) # ^ 
3 8?Hquartztube)(92) °]%-& 7^^* 5>S (open - tube furnace)^ ^^^4. *£tr -fr^f 0 ] 1. 

OalEi/g-Oiter/min)^ H 2 tfl7l <#^o\]*\ 850- 1000°C5. ^^14. *£ 4°l#°flt- ^sfe *£^Mfil * o]^ 
as. 741^51^:-, 5i ifl^l 1^1 tJ-s] <H^4, =l ^4 a^o] s^c)-. 

7>£ *°Jr, ¥-1^121 %>(80)* ^-514. ^31* ^?t(92)Sl 1^^- t41^(5.5x 10 " 7 /°C)4 ^-7fll-(84 5 8 
6)31 7ll^(8.4x 10 6 I°C) HQ *}*]d\] Sl§H «^^14. «|olBl (80) si 7ll^( 0 jl# l-ol, GaP^l 

5.8x 10 6 /x:)5L ^a?v 5}^^, «M5L ^^sj a 4* ^<y°i ^4. ^* -^i^l^, in -v a i£*)l fll 0 !^! 

* 4i 7l-±>y (plastic) ol % 3°14. ^ 14, ^Il 0 lBl ^1 nfl -?-^3lfe T^ol oj^r-11, 
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4 18 Hfi] *||o|b| Tjfj- ^^o] aj^ofl ov^ ^alB](80)^ 3H4 S^AS^Ei _o pc- AVsj.o. 
°1 *IMS12E^ *W>> 44. o. 7l?} o 1 om # ^ 3^0.3. 7]# 47) 71 ^(degreasing technique) 1 ^ 
44. In x Ga,. x P ^ GaP xflS.^ Tj-f, tf£|"§-£ aj-^-S. NH 4 0H f^44 °fl ^«fl *H444 o)l^]«: ^o]^ 
*r ?fl°l^SJfEi 4*]f ^ N H 4 OH5L xfim?} m<* (methanol) 4] 4?M4. if 1 413 

# 4^ 33H4 ^7)1 44. 

^ 4-g-, ^ *IM=|(80)# ^]4#S.-?-Ei *H444. nil^-g- -rt-e] #^>i, IV cija aj-i 4^ if 4 4H 
3] (80)7} 44^14. jiHiuf, 44 4-0] aV Efla ^ ^tg-o. ojav^j a_g_ LED ^ 0 | _g_^ 7] ^ |.y_^ v 

7 W 5 ?d.£3-§- aH*s r *l *44. ^4, £ 4^- ^*fl if <>l ^si4. asins. >*fl is H£l ^-fl 4f 

^7]-A>-g-5l4. 

°l5Hl 7]#s] 4f ofl 51^3, ^l*lBlfe-[(100)^-i- (110)4 ^iLS 2° SEfe 10° *l**l7fl tr 3 3 IS -I- GaP 
:S(n~5X 10 17 cm" 3 ) 7]44 (GaPs ^1^1 ~2mil ^M|S GaP# 7]4 4)2H3 Ga P 33-3^1 *HSf) GaP:Zn(p-~ 
2X 10 18 cm" 3 ) " £1 4 - 7] 4(pseudo- substrate)" ±3. "T^H 514. 5E?h GaAS:Te(n~5X 10 17 cm" 3 ) $)4| 

-fi-71 5 r f f^MOCVDH ^1 a|| 3334 -Ip m In 05 Gao. 5 P:Te(n~ lx 10 18 cm" 3 )4 M0CVD°11 
GaAs flofl ^4^4 InQ5 (Al x Ga, _ x ) 05 P LEDS 43£lfc- <>l-g-44. GaAs 7l4£- (lOO^-g- 

(110)3 ^°-S. 2° *l-f *141 f 13-3* 4fec r . ji^I *||aj9| 4f *, HC1:HN0 3 :H 2 0(1:1:1) &<$X\ 

Si SlSH t# £13 <LIM!.El H3 £3°1 *«44. n 4-8", 3H4-&* n-1 ^Sfl AuGe $/S=fc- p - 

$ 3^* AuZn^.S. 4^4, f-^Sj-^Vji ^ o.s. 44tr4. 

n- 4flolB| lf-t(80)Sl ^-sl-ir ^7l^ J^J* ^#]* r 7l ^*}<^ ^14 7^ cVt)1# Sl«H 

aft*]* ^Tfll-S^t- NH 4 0H <H|^H1 S|«H 3H41-I- tp-g-H. °1<>1A^ ?H a] Bl(80)l- is* -g-op'^^l 

7Jt€ i^#<»l AjS. ^*Sl7fl 5-}^ ^7)11-01 SSJ-^14. oJS- = Uf^)4 ^^51 43. 4^1 

1^ ^fl2]s.o. HF:ftol^-S} ^-§- 0 -W(deionized water) (1:10) ofl^Hl o]^ #ol^ ifl<s||^ 

N 2 5. Ti^A]?]^ tfloj-ajoi ¥3*41 $11°144 alH?14. 015 JjL ^ o. 5!1<>1a1i ^olsj^fr n 

- GaP 71^4 (GaAs:Te^l4) n- In 0>5 Ga a5 P5L $7] cflojo^ o,^^^ 7 }^^. ^ 

18 £si ^oi^i %q ^z] mofl HU^ie}ji, a 31014-g-j. siy^o} iooot:<HlAi 1 ^ «H^nJ*4. °1 ^^--^ 

NH 4 0H-4l44i SI 811 ^l 2 sj ^ ol sis! ^-f 'H* if (resistance ohmic bon 

d)* M-E>>a4. HF:*«>l*fl MHH°1 °1)^<Hl fi]^ xfli^ ^0]^^ D >*1 Ifs) $flo]s] ^^ofl - 

^ (barrier)" °1 H] ^SJ-Aj saJ^ 44^4. o]^ ^ H] ^*J-AJ s.^^ oja>*)o_ s 

SI 74 f 4 7i^o.s«-Ei 4s ^1 o] rH zit4 7]j&±s. ?i^-»f-4^?l^ ^1-^:- ^--S-^lfe ^^§f4 ^4. 

NH.OH 414# fi^ 42i*8-8:, fi7fl, n-^ InGaP7U-^ GaP°1| Tjf^ nfl g 7 ]^ a^-a. oj 7 j f V 

4%>3i*i ^3:^ AS^I ^4^1^. ^#<H1 5J-A-1 N H 2 H °H>, t'flEl-^ vfl°llAl4 ^1^4 *4 N 2 °fl si*v ^1^4 ^-i- 
4^ «1 7J4!- °r7l*V4. ziEW, _-i ^ tQ^Z n _tg In Q5 GaQ5 P( G aAS:Te)^l rfl 

f (n- « GaAS:Te 43) n- *8 In 0 . 5 Ga 05 P°] Tjf o)) ^ o. 6^71^4. 4 

ol GaPS^fEi ^3}-§-°l 47]%. ^ 4^oll In 0.5 Ga n , 5 P^l ^^-°\}^ ^ t>4#°l 4?^7) 

^71-44. ^a-l*V 40H tfl^- a 4€- 7!^*v ii'g °.j5L4t-, W4 if ^<»1 In f-fr 4f #3 ^ ^ 4444^- 
53°14. 

(a) n-^ In 0 . 5 Gao. 5 P°H If 4 n-f In 05 Ga QS , PS. Jlafl 74 ^- $1)0144 ( b ) n . sj GaPoll ^^-sj u . sj 

Ino.5 Ga 0 .5 PS ^5]fc Jl^| TJ^- $)lol4! Hl£t4. ¥ *8°l2l ^lS(set) ^14^- ^ 7H 43 

* ^l^l-H if 7ll^*V4. -ism, (a) 4^3 n-^ In 0 . 5 GaQ5 P/In 05 Gao 5 P if £ (b) 443 n-^ In 0 
5 Ga 0 . 5 P/GaP if ofl HlsflA-] ^^ofl^ o>- 4^ ^f ^ 4^1-^4. (a)fi] 7J4-i^r *)$-&<>l 4 1.5Q olSSJL 
(b)Sj ^n°-iTr 2f (20X 20mil Tl°](<lie))3M. ^ *W In 05 Ga n , P/In 0 , Ga 0 , P 

if^r 1000°C^lAi ?Jo)x]i ; -i n()5 Ga 05 P/GaP if°11 a]t}<^ rflBj=975t ^S^H Td^l $°]3\ 
S3S ^ 514. 
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^9] i n ^-f>- ^-i-ol LED ^la^l ol-g-^ 31*11 SlH^ ^-§: 3*11 4^3!*T-4t- 44^34. o] 

ifltt 44^1 7>^"?> ?J^- ^ ^91, *}4 -§-a] (shear stress); --§-«;- (evaporation -c 

ondensation) ^ tfl^ ^ofl a]*]] 7 ]] a7 ]- ^Jo^i- 5J0I4. i n f^Sf-fr 7 }^}J1 #7} ty^-s] ^ 

Ga ^144 «1 JH*M In ^14^ Sig ^4 at- GaP°ll Wl4°} In 0 5 Gao.g cfl^ 

P.S. "Ic'nS ?H4. 3E*h AlGaAs - GaAs - InGaAs ^-S°)14 t>]^ fe£ ^£1- 44^- 7^x1 01^^ 0 j. 

«V7>*1S, In-gr Jl*!] «l|o-|s| TJ^- 4^ ^.<£ GaP iflS ^4 ^ fifi^S ^ °fl In x Ga, x P(x< 

0.5) ^ L -§- <8^#4. 

In t-H- 4«-§- #4, ^ €4 S/Efe cfl^= ^R3* 4€- ill - V 

Hlfe II -VI 4^#£ 2L?V iifll *11 o] 1^1 -n-e^el-Tfl 4-§-« fl4. 44*^, Hg-1Kf, Cd - tf-fr ^ Zn - ^-fr 4 
°14 -§-8-^1 t-S. T-ii 4^1- 0 14. 



4^-3] €rV 7-)^ ^.fi. 5V j,^ ^Ajo)] ^sV ]£ CfS ^^.S]. 44^ 4 18 £°1 ^ ifl 

°1H ^1 °1 ^1 (80)-S- °]^^ nfl 4~§"4 H3-41H4. *ll 19-£-& ¥ 7fl2l Aj-olS]- 3.5-4^^- £^4. °]^&\ 

HS.4 < a°114t- 1000"C £r^v}x}9] " 7}4a(fast)" t^a]^} t^E] ji, oj-sflao] 1000°C 

4*13 " 444(slow)" ^44 31^44. e>m ^ 7J o-ofl oi^a}, lOOOT^M^ 34 4£-°ll 1 *1 7 J4 o]^o] °}°] 
£4. u 34 5.5-4°^ ^$444. 



ofEflao! » 44*]." ^ A >^. <yuV^ 0.5. ^ tfl^]2j AS ^£ ^ofl °>7]f!:4. olE-lfV *[ 

^.t°ll Q*\ ^£21 "-SB (decomposition) avs)..^ ^ ( tnerma l oxide desorption) ^-§-t 5J 

c-14. olSlft ^7} ■ 2J-p}^" £1*11 2)]^£l^r ^.4 ?J S4^?l 'H'd^^S. ^-El f>7l^ ^- °J4. H 



n- <8 <Hs|# i4t P - ^ *ll °1 si -& 4°l°il x-isj-aj ?jo] in} -8-61 *>4i;- 1 7}x] ^^7} 514. P 

-GaP4 p-GaP^l ^VA n - GaP4 n - GaP2} SlHif] ^*|^4. o)-S. ^ ^ O-ofl 0}^, 1 

000t:«>1|-*1 1 Al# ^-*|^14. n- ^ 7j*J-4 p . ^ ^^o,] o^A-l, X-jSJ-Aj AflS <^OJ o^ofl ^ 

AJSJ4. ^-B-14, 1^" 12X 12rnil ^JSl GaP/GaP n-^ fl|ols) :£^(tflsf 5Q )iL4 GaP/GaP p 

^^1°11(0.9Q n]o>) ^4. p.^J AB^S. Al-Olofl X-ISj-A^ TligSr ^ Aj gj-i-- 5] 0 ] ^-tfl a} o.S 

<a^-n-^ (dopant) ofl p-^ SL^eo) sj-A]- ^ i7 } ^7] xrfl «-QJ 5J0I4. 



Ajxj- GaAs 7|b>^- atflS 51-7)1 ^ LED ^2:21- H]5La|| -t n|), cflaf 2 o] Tjj^o] tg^g]. ^aj-a ^ 

^ GaAs 71^-fir ^7]*} 3- In 05 (Al x Ga,. x ) 05 P LED°ll ^4 A d GaP 7Rh§- Jl^l ^ojif] Tjf-^i-. ^jofl o^j-o} aJ 
#1^14. 



afl 18 £2} ^o]s) ^| 7 > «4t- ^?147lfe SH'J-h 3 lrSje]5L ^£o|l ^ 

-S-S-* *l-8-4^ Sfe4. ^, n ^x}7\ #^5] l^^-ofl 44A-1 ^Sj^- ^^t}7] ^c\] t oV^ 3 f ^SLS} ^.g] ^7> 

f 7}?^. ZL lif, 4 20£ ^ ^ 21 £°1 «V-§- ^)7> 7fl^a4. ^ 20 £^ ^1(94)^1 5g^£ol4. °1 # 
■8- ^lfe- ?-H°|Bl °^47l 21§H ^ 7H°1 Jf ^(96 ^ 98)1- £^*>4. * ^"3 -^-^(96)51 5gl ^(100) 
^ c m ^-afl (98) £1 (notch) ill oil ^-8-^4. 
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44 -¥-*1|(96 g! 98)^r 43.4 (furnace tube) (102) 4444. ^44 44 -¥41(96)^ ZL 4*114 7fl 
4(arcuate opening) (108)71- a>se ( shaft ) (106)1- 444^- 434 #3fl 43-4(102)»ll npfl ^1 4*H 3.^^14. 
^vo, ^ 47.11(98)4 43-4 !-1H13 434 t $14. °IH 4^ (air piston) 4 4 7)1(98)4 7fl4(112) ^fl 
444 £- 4=HH(104)«1| 4444. <14 4^§4 44 -f*lH, ^-°fl 44 144 (llO)i 41*1*! 3144 4<i 7}>£ 

434 $]7 r 4:E4 ^4 afloj (pneumatically control)^ 4 $14- 



^ 21 £-5 3144 4(112 5 114)4 ^7Hlfe #e|^ 3-2.34 ^}s]o] 514. 014 4JE44 Tfl 22 

4 °1 34 (120)7} i£7Hl 344 xfl 1 3L<£ Jf 711(116)4 ^ 2 ^-7.11(118)1- £3*14. 7fl 22 54 43il tfl 

i- E l> 1441 444 2,7} dl44-& 3144 144 4sfl3°J 344°ll zJ34 4 s 3il 4 $144 4 4 $14. 4£ 

4 444 7r*Ul 44 S3-414 ^144 (120)4 44 (cracking) gj 4** 44:444 444 4-8-44. 41£ 31 

447} 4443 &4 4S4H ^ ^.g. 4 7r 4i 44 444 4 $14. 



^14^| (112 ^ 114)71- 3;7H1 «-ell 4 5l7l| 4^r * 21 5L4 ^3^ ^o^o] 3^4] 433 ^ollsl^JfEi Aj-Sj. 

#ai 43 hii^4 si-i-471 afl^-oii 43-31}; 3014. ee?K 14« 5.41-4 4?J4 4434 344. 7fl 21 £ 

SI ^AH-b 0121- 2^ ^314 444?1| 4 344- 



5E 4-5- 7)4^4 3144 fi.4il3.44 441-8- 1-E3 hB*4^., 444 44 4*11 331 As-^(caP) a±r p-^ 
5.S fi.44 *h°-t- 74014. n sgo_s 4M^$£ 2.^ a.^- 3014. a 

4#3.4e1 jl43 o.s 4444 nfls-ofl, ?g O.S ^34 3144#4 #43 34 of^-fe 4-S-4 74^1 4^ 4£ =14. 
4*, ^ *WS °1 4 500°C«- ^44fe- 4£43 7>^4^ 7^^. g-eM7j o.^, xj-^o] ^ 

X^oi ^-Til 44. a tr-fr, ?ll°l5l# 444°i ^4 4^5. 3^4 4s, 2^ fl<>iD| ^sfl ^if ^7}aH1 

4. 



IE4, 71-il Tjf- ^^tLoilA^l 7(1 e| <H ( carri er) ^£ ^7>1 ^Sfl tJ^- 4 20 £4 4^-4(102)4 f-4 

^ JlSTll 4 $14. 334 7}il%, H 2 Se, H 2 S, DETe ^ DMZn^l 514 4 °}4. 0^0. a*] 3 

4iL4 r-| 4^4 Jiolfe n-fl 144 4*11 ?-A4 5!«14. 

711 20 £4 4-§- 4*1(94)^ 4 18 £4 4*171- A44^ 7 AS-^- 44 45. jl^} *11°14 1401 ^ 
4 7fl 4 4 $14. .S-4 44 4£°llAiir ^114«!^ led 4#4 0^4 4 2)i44 a*, 34 44 4 

4,44 tn 4 p- n ^44 °14°1 3l£4li ^ 0 14. 



LED°11 rfl^r ^ol4 t^o} g: 4= 140^ 44^4 4£*fl4°ll 4^4 45^1 7144 ^44°!, 34144 1*1 
4^^4 7H13 4^^4 44*l?lt 7 4°l4. 444 4^4 444 H43^s 7I7414 4£ ^ 13 ^sell^^i rflsfl 
in- v, IV a^:- IV -iv 4£^l I s-Ji4 44t§4 % as. ^44^- H-VI LED 42:°H cfltt 5l°14. ^4-3-2-3., II -VI 
4i 444 in- v 45^1 £^ SiC 444 uiaj $1144 444*1 LED 4i44 7H13 ^/afe 13 43-^4 443 
?1 t:- 34 4434 344. 



(57) ? r4 l S4 
^J44 l. 

44 44 -2.— (light emitting diode; LED) ^ wj-wioJl oj^^. 
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43 JW-fr -a«Q€ ^ 1 *#<H?1 4 1 *H^sR:- ^^4, 

#7l ^1 1 7la> ^ofl # 7 ] LED#-ir 155}^ LED ^2* ^§Rr £314, 

#7l LED #°11 i=H «f| ^MMd 7fl S SI -f-ap^ fu£ ^ols| 7j^( wafer bonding) «H #7l LED ^2:51 

%H V ^1^ #7111- i#4^r ^ *il2 ifl-ig. 

7fl i %H1 sa«H-H. 

#7l LED # 7-112: <?V7ljTr #7l ^1 1 7RV 4^3 °)l2Hli ^ # (epitaxially growing) *1 ^ 47fl 0 l3I, a> 

71 ^ 1 7fl 4=3 #^3*1- ^( lattice constant)-!- *fl5.°J ## 40I5H. 31 2 ig-ig. 

Til i #°ii sa°H. 

#?1 *j] 1 7]*-§- ^}7]i}^ ^ S^^i;- ^ Cfoj^H 7|2 

3^ 4. 

*ll 3 5fl°H. 

7fl 1 71*8: 7117^1-t- #7l # tJ^ ^ ^5}^ ^Hi, #7] ^ t^j 

#7l *fl 1 7l*ol t^I #71 LED n L S2l ^<Hl ^-4^ 71*4 9Ws] l^K:- cjTllo] ^ 4015.= alls 

^i 1 ^ 5. 

7fl 1 *<M1 &<>h, 

#7] LED n L 2°ll #71 §^ %o]v\ ?£^£ # 7 1 *Hst| Stt *4|tr ^ *}7l3 3^(low resistanc 

e electrical connection) °1 afl^-SlJE-sj- JL&<^*\ ^--sjslfe- SIM si llhlJ #7l f^&Sl <S Si (softening) # 

^Sfl ##Al ? l^ 53^ jEfJtjRr t# 7fli 

6. 

7)1 5 %H1 Sl^Aj, 

#71 3H51 It ^Tflfe. ^11 ol sl # 7 1 ffsl «^ (conformity) # ^ flo]^ Itl #7l f^l ^-g- <?i 

7lste 51* £#4^ ^M 4°1 5.H 7-112: 

7-11 1 %hi sa«H-H. 

^1 °1 #7l #s-5l ^Jf- (interface)^ tflsfl l n Sj-f-*-, Hg U"fr 3frtf#, Cd fl-fr Sr^l' 5 Zn fl-fr 

4t#S ^^SR- ZM-O.S.-fEl ^SjS] S>^-## i?J-*l-ir ^# 3 IM^- St 4°l^H 3)2 # 
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8. 

ofl 37] ^ Ajx> LED #6fl aj^-g oj A ]*] A^xj- 7l^-( tem poray growth substrate) * rjTjl^, 

^1 1 34, #7l 7l^H| 1^ *)1 2 3* ^ LED ##51 3* (lamination)* #7l 7]% $H 4|ii|S>4i 

^^1^, #71 A o<# 7]Bl-0_ S OJA]^ AjxV ^^(growth support surface)* fgAjg].- #7\}2}, 

#7l UAiaj ^ x^-fr a o i- 71 7]^] W] ^ H ^. 7> s) ^^aj ^4^4 jitj. fe £ ^ ^ 
<8^a] 7RV6.S. c)l^l^ t^s i^M, aj- 7] oj A ]*j ^ ^ LED *o] A v 7 ] ^ 1 ^ 2 

31: ^ ft 341 #7] oj^x] 7l#* 4go]B| 7J^- Al? ]i. o]] o]if ] TJ^V A > 7 ] 3] 0 ] b] tJ^- £7^- # 7 j 

<8?aj 71^4 a o v 71 LED ^o] ^«4H av^ a1 ^ uj_c_ x ^ ^«tt- a* 1HJ- cm 0_H 

^ ^*J- 9. 

*ll 8 #<Hl Sl«>H. 

#7] $]Al^ Ajxj- *]*]ig q]^] Ao V 7] LED Ao] AJ. 7 | ^| , .go,] Aq V 7 ] 7]^ o]] ol2 ] ^^- ?V jsro]] AJ.7] <y 

A]^ ^# 7lJfl-.fr ^TjSJ-fc 3* tf* Z.\°]$.ZL 7.]]^ 

10. 

4 8 #41 5fl«»H, 

#7l Aj*j- cfl^l £3]- Aj-7] LED ~o] A o V 7 ] 71 | 2 ^ofl Aj- 7 ] oj^x] 7 ]^ ^o]^ Tj^Mi <£*\ Aj- 

7] ojA]*] Ajxj- ^^fr ^sR^ 5#*l-ir *))2: #>S. 

11. 

^1 8 #41 <&°]*\, 

#7) LED # $H *|| 2 si &E^sl 7^* ^0)3] ^Jfr c] S^H, #7] °J^*j 7R1* *j 

£^<>U #*H-°S f-3f^°lP-5L, #7] -f-lpo 1 71^-1- A>c]o|| aj-7] E ED #°1 <ffli=-?l*l£lfe ^o}o_ r -. 

12. 

^1 8 #<H1 91^^, 

#71 fll=.l5] xj^a.o))A^o] 7fle ]o] ^il (carrier concentration) 1- ^-7>A]^l7l ^*fl #7] 7l^ aj-7] ^ 

olHl Tjsg- t+Tfl H?lS(dopant) 7>i7> * ^ cj-^s. c| S^-§]-^ ^ cfol^H ^H. 

^# 13. 

^ 8 %H1 floH. 
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^^H ^(cap) 5t))S.-3- £i (applying) *M ^"S^l^r #3]$]-, #7] LED #<H1 cfl?}- # 7 ] <*)^*] 7]s}-£l # 

Cl-o] £o Hj-aj. 



■V! 



£>d i 

(#aPI#l) 



12- 
10- 



u- 



AIGaAsM 



AIGaAs(p) 



GaAs(p) 



£¥t 2 



(S3DI#) 



22- 

20- 
18' 



16- 



AIGaAs(p) 



AIGoAs(n) 



GaAs(n) 



AIGaAs(p) 
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28- 
26- 



24- 



3 



AIGaAs(p) 



AIGaAs(n) 



AIGaAs(p) 



38- 
36- 
34- 
32' 

30- 



5 



40 



38- 
36- 
34- 
32- 
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S.'fl 6 




il'd 7 



38 • 
36- 
34' 
32' 



44 



48 



X 



=■40 



42 



-46 



51 ?! 8 



38- 
36- 
34' 
32- 



■ 48 



• 30 
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38- 
36- 

■Zi- 
yi- 



- 5D 



30 



V-Vl 10 




11 



38- 
36- 
34' 
32- 



60 



"V 



62 
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L T d 13 



126 



130 



128 



132 



138 



134 



r 



136 



128 



SI'S 14 
^-U2 



uo 
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